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4.1 Introduction
We are living in an age of remarkable technological change
that is forcing us to think very hard about the linkages between
technology and economic development. The harder we think
about it,the more we realize that technological innovation is
almost certainly the key driver of long-term economic growth.
We further realize that the innovation process must be sup-
ported by a complex set of social institutions. Although mar-
kets have a great deal to do with innovation,innovation is not
purely a market-driven phenomenon. Innovating economies
require an interconnected set of market and nonmarket insti-
tutions to make the innovation process work effectively,and
for this reason,governments need an innovation strategy if
they wish to foster highly innovative economic systems.
This need for an innovation strategy is as real in Asia as it
is anywhere else in the world. In Asia,however,the necessity
is perhaps more immediate than in most other developing re-
gions,since many Asian economies now stand at a threshold
of development requiring a new approach to technology and
growth. Over the next twenty-ﬁve years,many Asian econo-
mies will undergo a transition from being top-ﬂight adopters oftechnologies from the United States,Europe,and Japan,to be-
coming technology innovators.
This chapter outlines in broad terms the rationale for a focus
on systems of innovation,with particular emphasis on the
challenges facing East Asian economies. Following this intro-
duction,section 4.2 brieﬂy outlines the modern theory of eco-
nomic growth,focusing on the main lessons regarding the role
of technology in economic development. We relate the theory
to the most notorious modern example of an economy without
technological advance,the Soviet Union,as well as to Latin
America,a region that has also generally paid insufﬁcient heed
to the importance of technological advance. Section 4.3 dis-
cusses the distinct processes of innovation and diffusion,and
describes Asia’s place in the current global technological di-
vide. Section 4.4 then emphasizes several key traits of the
innovation process and section 4.5 describes the notable suc-
cesses of the U.S. innovation system in this light. Section 4.6
highlights some lessons for Asia as the region’s economies
progress toward innovation-based growth in the years ahead,
and section 4.7 concludes.
4.2 Economic Growth Theory and the Role of Technology
Economic theory offers a series of textbook approaches to
understanding economic change. One of the ﬁrst was initiated
in 1776 by Adam Smith (Smith 1981),who emphasized the
role of the division of labor in promoting rising output per
person. He stressed that increasing specialization,mediated
mainly by market forces,would lead to rising efﬁciency in
production,and therefore to rising living standards. Smith
focused on the role of market institutions,efﬁciency in trans-
actions,and effective property rights in promoting high levels
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division of labor did not draw primary attention to innovation
since he was living at the time when the Industrial Revolution
was just gaining force. The full import of sustained innovations
across many economic sectors could still not be seen.
Much of modern growth theory was developed in the middle
part of the twentieth century,when a series of pathbreaking
papers—including those by Roy Harrod (1939),Evsey Domar
(1946),and particularly Robert Solow (1956) and his followers
—led economists to stress savings,investment,and capital ac-
cumulation as key drivers of gross national product levels and
growth. The practical implication was that,based on these and
a few other key theoretical foundations,development econo-
mists around the world directed their policy advice toward
ways to raise the savings rate in an economy and on ways to
channel savings into productive investments. Much less atten-
tion was paid to the part of economic growth that is founded
upon technological change.
There is a certain irony to the focus on capital accumulation,
since Solow’s pathbreaking 1956 neoclassical model,the one
that won him a Nobel Prize in 1987,actually had a contrary
message,as Solow himself indicated. The Solow approach re-
mains the ﬁrst economic growth model that students learn,
usually presented with a focus on the rise in capital per person
as the prime force in raising living standards over time. Yet
Solow showed that when the saving rate rises in an economy,
this leads to a temporary increase in the rate of capital accu-
mulation and a permanent increase in the level of output per
capita,but not to a rise in the long-run rate of growth of out-
put per capita. The long-term economic growth rate in Solow’s
model is actually independent of the rate of saving and capital
accumulation. Indeed,in order to produce a sustained rate of
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accumulation. He had to introduce an exogenous rate of
improvement in labor productivity,presumably the result of
technological advancement. But in his famous model,Solow
did not try to explain the source of that technological ad-
vancement; he merely assumed it.
A year after his 1956 theoretical piece,Solow made a basic
and tremendously important calculation that is still instructive
for scholars today (Solow 1957). He examined U.S. economic
data from 1909 to 1949 and asked what they tell us about the
sources of U.S. economic growth over that period of time.
Ingeniously,he used his theoretical framework to extract the
part of economic growth that was due to more capital accu-
mulated per person from the part that was due to the advance
of technology. These were the ﬁrst such national growth ac-
counting calculations in the modern study of economics.
What did Solow ﬁnd? He found that technological change
accounted for seven-eighths of the growth of the U.S. economy
and that increases in capital stock—the equipment,machinery,
and residential stock relative to the population—accounted for
only one-eighth of the growth of income per person in the
United States. His empirical assessment supported the theoret-
ical suggestion of his model that technological advancement
has been the key long-term driver of economic development.
Those two articles in 1956 and 1957 had an extremely
important message: Understanding long-term economic growth
requires understanding technological innovation. But the eco-
nomics profession is somewhat odd. The technically challenging
part of the Solow growth models lies in solving a differential
equation for how fast the capital stock grows rather than in
interpreting the mysterious process of technological change.
And so,for the many years following Solow’s initial contribu-
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the central feature of economic growth,rather than focusing
on the sources of long-term technological change. This began
to change only in the 1980s.
4.2.1 What Happens When There is No Technological
Advancement?
Joseph Stalin provided the most compelling example of trying
to use a high saving rate as the key to economic development
when he promoted forced saving,in a very brutal manner,to
promote industrialization in the Soviet Union. Yet the Soviet
economy had very little technological change in the civilian
sector for decades and,as a result,came about as close as pos-
sible to a case of a high saving rate combined with stagnant
technology. It is probably fair to say that it proved a key result
of the Solow model nicely,albeit in a planned-economy con-
text: Capital accumulation without technological advancement
eventually leads to the end of economic growth.
In the beginning of forced industrialization in the 1930s,
the Soviet economy grew quite rapidly as the marginal pro-
ductivity of new capital investments in industry was high. The
Soviet planners in the 1930s and afterward allocated industrial
investments according to the industrial division of labor that
they copied from the United States and Germany at the time.
They calculated how many steel mills and coalmines and so
forth were needed to build an automobile sector or an airplane
industry and then built up those industries in ﬁxed proportions
over time. The division of labor was rigidly set. Capital accu-
mulation increased the scale of production without affecting
dramatically the division of labor. New innovations were difﬁ-
cult or impossible to introduce into the rigid planning struc-
ture,other than in the military sector.
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an instructive historical episode for the world,by pursuing the
capital accumulation process with little civilian technological
change for half a century. They proved that by accumulating
capital in the absence of technological change,the marginal
productivity of capital is driven down to essentially zero. By
the 1970s and 1980s,the Soviet Union was producing more
steel in the aggregate than the United States,for example,even
though its income level was less than a third of the U.S. level.
But by that time the ability to turn the vast quantities of steel
into higher output per capita had almost disappeared. As a
result,the Soviet Union became a giant steel graveyard,with
rusting steel everywhere.
Although not characterized by a high savings rate,some
South American economies,most notably Argentina,provide
another example of what can happen when a region does not
progress technologically. Thirty years ago,much of South
America was at an admirable level of income per capita by
global standards. Most of the region has stagnated economi-
cally since then. There are many different explanations as to
why. The standard ones involve things like bad macroeco-
nomic management,unstable governments,and high inﬂation.
However,many of these explanations are more symptoms than
fundamental causes. At the root of the problem,it appears,is
the low emphasis on long-term technological advancement and
innovation.
In the 1960s and 1970s,many economies in South Amer-
ica probably became quite comfortable,and perhaps even
complacent,with the wealth provided by natural resource ex-
ploitation. Hence they failed to make the transition to techno-
logical innovation as the basis for development. Even today,
high-income and sophisticated economies like Argentina show
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world-class scientists,but too many of these end up working in
Boston or Palo Alto rather than in Buenos Aires. This is in part
because there has been no national strategy to promote tech-
nological advancement through domestic innovation.
In sum,the failure of traditional development economics in
many countries where capital accumulation was the core focus
highlights the need for long-term technological advancement to
sustain economic growth. An economy without technological
innovation,even if it has an extremely high national savings
rate like China’s,will not avoid stagnation unless it continually
advances its technological capacity. To do so systematically,
one needs to understand the process of developing and apply-
ing new ideas in production.
4.3 Innovation and Diffusion: Asia Today in Relation to the
World’s Technological ‘‘Core’’
Fortunately,since the early 1980s growth theory and devel-
opment theory have increasingly analyzed the process of tech-
nological innovation as a central feature of growth rather
than as something that was simply ‘‘brought in’’ from the
outside. Major contributions were made by Lucas (1988),
Romer (1990),Grossman and Helpman (1991),and Aghion
and Howitt (1992),among many others. Today,the goal is
to understand the transition from technological change as an
‘‘exogenous’’ feature of an economy to technological change as
an ‘‘endogenous’’ feature. Broadly,the aim is to understand
how a society produces technological advance.
Theoretical models stress that there are two basic modes of
advancing technology. One is innovation (developing one’s
own new technologies) and the other is adoption (introducing
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economies pursue both modes to some extent,and there is no
doubt that every economy produces only a modest fraction
of the technologies that it uses. Adoption of technology from
abroad is sufﬁcient to raise living standards substantially,and
even to achieve long-term growth based on the continuing
technological innovations achieved abroad. But technology
adoption has its limitations as well.
Economic theory demonstrates that if one economy is a
technological innovator while another economy is a technol-
ogy adopter,the innovator will maintain a lead in income per
capita relative to the adopter. The income gap between the
two economies persists over time even though the technology
adopter ends up incorporating all of the technological advances
made by the innovator. It does so,but only with a lag,and the
persisting lag in technology translates into a persisting gap in
income levels in favor of the innovator. The relative income
ratio,or degree of ‘‘catch-up’’ between the innovator and the
adopter,depends on the relative rates of innovation and diffu-
sion of technology (where diffusion signiﬁes the rate at which
innovations are absorbed by the adopting economy). The les-
sons from this kind of model of innovation and adoption
are twofold. First,a follower economy that adopts technology
from abroad but that does not innovate itself will always
lag behind the innovator. Second,even technological adoption
requires specialized institutions that facilitate the diffusion of
new technologies.
This pattern of enduring income gaps between technological
innovators and adopters is not just a theoretical construct. In
background research for the most recent Global Competi-
tiveness Report (McArthur and Sachs 2002),we have found
strong empirical evidence suggesting the limits to technological
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progress beyond adoption to innovation if they want to con-
tinue to close the gap with the highest-income countries. This
evidence is of great importance to many East Asian economies
today,given their current stage of economic development. Our
colleague Andrew Warner (2000,2002) has also shown em-
pirically that countries differ markedly in their capacities to
innovate and to adopt technologies. Some countries,including
many in Asia,are effective adopters of technology while dis-
playing little innovation to this point.
Indeed,it is fair to say that East Asia has been the most suc-
cessful region in the developing world in adopting technologies
from the innovating economies. This is in part because East
Asia developed ingenious institutions for quickly adopting
technological advances from abroad. For example,the elec-
tronics and semiconductor production throughout Southeast
Asia and coastal China is based on technology that came from
the United States and Japan originally thirty years ago. The
East Asian developing countries created special economic
zones,export processing zones,science parks,and other insti-
tutional arrangements to entice foreign investments in the elec-
tronics sector who were looking for low-cost places to produce
their products. Thanks to the success of these specialized insti-
tutions,East Asia became one of the key global centers for new
electronics industries during the past three decades. Thus,even
though the technology was originally developed in Palo Alto
and environs,it diffused very quickly to East Asia. The diffu-
sion was so fast that it allowed a substantial narrowing of the
income gap of East Asia with the United States. But,as the
formal growth models suggest,rapid technological diffusion by
itself did not,and will not,fully close the income gap. Full
catching up will require that East Asia become a major inno-
vator in its own right.
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lation,is currently in the middle of an historic transition from
being a technological adopter to becoming a center of innova-
tion as well. Japan made that transition many decades ago. To
understand where the rest of Asia needs to go technologically,
it is instructive to consider which parts of the world are cur-
rently technological innovators,as opposed to technological
adaptors. In doing so,one quickly ﬁnds one of the most strik-
ing facts of the world economy today: The places that are true
technological innovators—in that they are creating new pro-
cesses or new products,commercializing them,and bringing
them to market—form a small part of the world’s population.
If we look at the amount of patenting as one indicator of in-
novation (with patents providing a rough measurement of the
rate of commercialization of ideas),it turns out that the top ten
patenting countries in the world,with less than 13 percent of
the world’s population and 69 percent of the world’s gross
national product (GNP),account for 94 percent of all patents
taken out in the United States.1 The top twenty patenting
countries in the world,with less than 15 percent of the world’s
population and 77 percent of its GNP,account for 99 percent
of the all current patenting in the United States.
These ﬁgures illustrate the astoundingly high concentra-
tion of technological activity in the world today. In no sense is
innovation a globally dispersed process with all regions con-
tributing to the advancement of knowledge in roughly propor-
tionate terms,or even in terms proportionate to income levels.
Instead,the global divide in technology is even starker than the
divide in income. Only a few parts of the world are high inno-
vation countries. Another bloc of the world,with roughly 2
billion people,including the 1.3 billion in China,consists of
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of countries,with perhaps as much as half the world’s popula-
tion,is neither innovating nor particularly successful at adopt-
ing technologies developed abroad. This largest group doesn’t
attract foreign investors in high-tech ﬁelds; and it can’t make
effective use of technologies developed abroad because it lacks
something—the engineers,the scientists,the local market size,
or the ecological characteristics—required to use the new tech-
nologies effectively.
The three-tiered global divide in technological capacity—
those that are innovating at a high rate,those that are adopting
at a high rate,and those that are largely excluded from the
process of technological advancement—is also the major driver
of the world’s widening gaps in income over long periods of
time. The countries that are falling farther and farther behind
the world’s leaders in income are the technologically excluded
countries. The countries in the middle that are technological
adopters—like so much of East Asia over the past forty years,
other than Japan—often grow even faster than the leaders for
a period because once they create good systems for diffusion of
technology,they can enjoy a period of rapid but incomplete
catching up.
Consider the U.S. patent data in more detail. In 2000,the
U.S. Patent and Trademark ofﬁce granted 85,072 patents to
inventors in the United States. Japanese inventors were awarded
31,296 patents, the second-highest number among all countries.
Germany ranked third with 10,234 patents. If one puts that in
terms of patenting per million population,which gives a useful
measure of the intensity of innovative activity in the economy,
the United States had 309 patents per million population,Japan
247 patents per million population,and Germany 124 patents
per million population.
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than Japan that are notable for having made the transition
from adoption to innovation during the last twenty-ﬁve years:
Taiwan and Korea. (The other developing country to do so
over the same period was Israel,which last year registered 783
patents,or 135 per million people.) These are the two coun-
tries that exhibited a dramatic rise in the rate of scientiﬁc and
patenting activities and today both stand out as being among
the world leaders in innovative activity. Korean inventors,for
example,received 3, 314 patents last year in the United States,
a rate of 70 patents per million population—not as high as
in the United States,Germany,or Japan,but very respectable
Figure 4.1
Patents per capita in 2000: Asia compared to other selected econo-
mies.
Source: U.S. Patent and Trademark Ofﬁce 2001.
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the United States in the year 2000,or 210 patents per million,
which ranks third in the world on a per capita basis. Further
behind stand Hong Kong and Singapore,somewhere in the
middle between innovators and non-innovators. Last year
Hong Kong inventors had 179 patents in the United States,or
26 per million people. Singapore had 218,or 54 per million
people. Probably no economies absorb technology faster and
better than Hong Kong and Singapore. But these economies
are not yet great engines of scientiﬁc advance.
What about China? China had 119 patents in the United
States in the year 2000,so that is 0.1 patent per million,or 1
patent for every 10 million in the population. While China is
the fastest-growing economy in the world and its coastal zones
have been enormously successful in bringing in technologies
and producing increasingly sophisticated exports,China is not
yet really an innovating economy. While there are astound-
ingly ﬁne scientists around the country,it remains difﬁcult in
the Chinese system to transfer the basic science developed in
the Chinese Academy of Sciences into commercializable prod-
ucts that are marketed in the world economy.
In Southeast Asia,Indonesia received 6 patents last year for
its 224 million people,or less than 3 per 100 million popu-
lation. Malaysia had 42 patents taken out in the United
States,or 1.8 patents per million. Thailand had 15 patents,
again less than 3 per every 10 million population. The Philip-
pines had 2 patents,or less than 3 per 100 million population.
These patenting data provide one measure of Southeast Asia’s
current status in terms of endogenous growth. Basically,en-
dogenous growth there is nonexistent; no commercializable
science-based technological advance is taking place in this re-
gion today.
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U.S. patent data highlight the weakness of the region regarding
technological innovation. In the year 2000,Argentina had 54
patents or only 1.5 patents per million population,which was
slightly more than Chile at 1.0 per million population and
Brazil at 0.6 per million. In other words,even the most devel-
oped economies in South America are currently in a techno-
logical position similar to much of Southeast Asia. Notably,
however,in 1960 Argentina was roughly ﬁve times richer
than Southeast Asian economies in terms of per capita GNP.
Despite its relative wealth,Argentina failed to make a tran-
sition to technological innovation,as did other countries in
South America. The lesson must not be lost for the economies
of East Asia.
4.4 Characteristics of the Innovation Process
A high rate of innovation requires a mix of market and non-
market institutions,with the mix reﬂecting the nature of the
innovation process. There are several basic characteristics of
this process that we would highlight.
First,innovation is science based. This implies a great deal of
importance for higher education as a fundamental feature of a
national innovation strategy. Critically,higher education does
not take place anywhere in the world without a major invest-
ment by government.
Second,innovation is an increasing returns to scale process,
which means that ten scientists isolated on ten separate desert
islands will produce much less scientiﬁc and technological
progress than the ten scientists stuck together on one island.
That is why scientists like to congregate in islands or valleys
like Silicon Valley or Route 128. This is also why we have
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other so that they can develop good ideas with the help of
the person next door. Creating an innovation system requires
creating scale.
Third,innovation depends on market-based incentives,and
most importantly on the scope of the market itself (just as
Adam Smith emphasized in regard to the division of labor).
Paul Romer and others have put great stress on the importance
of the scope of the market in promoting innovation. Develop-
ing a new idea requires a signiﬁcant onetime investment of
research and development (R&D),and this ‘‘ﬁxed cost’’ of in-
novation must be recouped through subsequent sales. If the
potential market for the innovation is large,it is obviously
easier to recoup the one-time R&D expenses. A small market,
on the other hand,will not justify the high onetime costs of
R&D. That is one reason why it is vital to be an open econ-
omy. When an economy is export oriented,it has the whole
world as a potential market. A closed economy,on the other
hand,will not only fail to get new ideas from outside,but will
also not generate incentives for innovation based on a limited
domestic market.
Fourth,and vitally,there is a fundamentally mixed public
and private good nature to the innovation process. A central
characteristic of knowledge is what economists call ‘‘nonrival-
ness,’’ which means that if one person discovers a new idea
(such as a new scientiﬁc discovery) and shares it with others,
the idea isn’t lost to the ﬁrst person. Ideas are not like a barrel
of oil or a ton of steel,where use of the commodity by one
person means that less is available for others. With ideas,
everybody can partake of the advancement of knowledge
without depriving others of the knowledge. This nonrivalness
has a critical implication. Society beneﬁts through the wide-
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mies aim at the free and broad distribution of basic scientiﬁc
knowledge,new mathematical theorems,and the like.
There is of course a major problem with the free dissem-
ination of knowledge: Discoverers may lack a ﬁnancial incen-
tive to make their discoveries in the ﬁrst place if their ideas will
be freely available throughout the society. For this reason,sci-
entists are encouraged by social status,fame,and prizes,as
well as by direct market incentives. They are also encouraged
by the temporary monopoly privileges granted by a patent to
a new invention. But patents are imperfect instruments for
giving incentives to make new discoveries. Patents offer ﬁnan-
cial beneﬁts to the inventor for a temporary period (now gen-
erally 20 years from the date of ﬁling) but limit the ability of
others in the society to make use of the knowledge.
In the face of these tensions,innovative societies have found
the following pragmatic compromises. Basic scientiﬁc discov-
eries,in general,are not patentable. They are to be freely
available for use throughout society. Patents are limited to
speciﬁc new technologies. Also,patents are given for a limited
period of time,so that eventually the knowledge can be freely
used throughout society. The costs of permanent monopoly
rights in slowing the diffusion of new ideas would be too
great. Meanwhile,governments support basic scientiﬁc discov-
ery through direct subsidization of primary research in uni-
versities,government research laboratories,and even private
companies that qualify for government grants.
Fifth,special ﬁnancing mechanisms beyond the banking
sector help to accommodate knowledge creation in the private
sector. A lot of knowledge is intangible and noncollateral-
izable. Banks often won’t lend to people with good ideas be-
cause the banks require collateral to guarantee loans. With
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what makes venture capital a distinctive industry. Venture
capital is not lending against collateral,but against someone’s
hope that the technology is going to work commercially. That
is not what bankers do for a business,nor is it what one would
want banks to do because banking has other risky features that
require tight regulation. Thus,since banks do not and should
not lend mainly for noncollateralized ideas,the innovation
process requires somebody else who will: venture capitalists.
Sixth,innovation generates destruction of older technologies
and business sectors in a process Joseph Schumpeter ([1942]
1984) famously termed ‘‘creative destruction.’’ New advances
are not painless to those using and producing older technol-
ogies. Thus,economic death of old sectors is part and parcel of
the advance of new sectors. One of the reasons that the Soviets
could never develop a new industry is that they never let an
old one die. There really was lifetime employment protection
(other than for the millions sentenced to the gulag). Although
people could lose their jobs (and indeed sometimes their lives)
for political reasons,they did not lose their job for economic
reasons. With no sectors ever declining,no new sectors could
ever grow.
Seventh,the innovation process is characterized by speciﬁc
forms of organization that develop,test,and prove ideas. In-
novation ﬁrst requires networks to bring different kinds of
knowledge together. It also requires a great deal of risk taking
and decentralization within larger enterprises to allow entre-
preneurs within the ﬁrm to be entrepreneurial. It furthermore
requires a great deal of learning. The most advanced inno-
vation systems are comprised of enterprises investing heavily
in their workers’ knowledge,which is not a traditional activity
in many economies.
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speciﬁcity,which means if you want to solve problems in agri-
culture,health,energy use,and so forth,local ecological char-
acteristics are so important that the relevant problems need
to be solved at home. Not all technologies can be adopted
from abroad,which is another reason why the technological
adopters stay behind the technological leaders: Much of what
the technological leaders are producing is not necessarily rele-
vant to the adopter’s needs if the local ecological settings are
quite different. If U.S. inventors develop new processes for
raising wheat productivity,that may have little direct beneﬁt
for cassava growers in Africa. Local needs require local inno-
vations in many sectors.
4.5 The U.S. Economy as an Innovation System
These eight characteristics of the innovation process lead to
several practical implications for the design and operation of
national systems of innovation. We illustrate this basic idea by
looking at how the United States has achieved such high and
sustained rates of innovation. Part of the story of course is
that the U.S. economy is large,integrated,and efﬁcient. A large
scope of the market provides a large incentive for innovation.
Yet the story is more complicated. Speciﬁc institutions,both
market and nonmarket based,are integral to U.S. success.
First,the United States invests intensely in basic science
through the federal budget. Many believe that the United
States is a free market economy in the technology realm,but
this is not true. The U.S. government budget for science is now
roughly $US 90 billion a year,or almost 1 percent of GNP.
Biomedical research alone is supported at a rate of around $25
billion per year. One needs to understand that U.S. industrial
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ical growth,even though many observers believe that that the
United States has no industrial policy. In the late 1980s,when
the U.S. government was worried about Japanese competition,
it ﬁnanced major investment in the semiconductor sector to
advance its technology. More recently,the government has
invested heavily in the human genome project and nanotech-
nology,among other leading sectors.
Second,the United States has demonstrated and championed
the agglomeration economies that have been achieved most
prominently in Silicon Valley,the research triangle of North
Carolina,and Route 128 in the Boston area,but also in dozens
of other locations around the United States.2
Third,the United States has a rather effective patent system,
even though it is a system under stress at this moment. When
an inventor ﬁles a patent,he or she has to disclose in detail
what the new invention entails,in return for the patent’s
monopoly rights. That is extremely important in making the
knowledge publicly available. The system is also effective at
processing a huge numbers of patents,now more than 150, 000
per year. The judicial system has considerable expertise in
protecting intellectual property after the patent is granted. Still,
the system is under considerable stress regarding the appropri-
ate scope of patenting,the deﬁnition of the boundaries of new
patents,and the sheer volume of new patent applications to
process.
Fourth,the United States also has a very effective interface
between government,universities and industries,and these
connections have been honed experimentally over the last
twenty-ﬁve years. As one important part of the process,the
Bayh-Dole Act of 1980 enabled universities to receive patents
on new inventions that were developed with government
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support applied R&D activities,and to collaborate with the
private sector in R&D. That gave a tremendous boost,most
notably in biotechnology,to university-business collaboration
in the innovation process.
Fifth,the United States has a highly advanced regulatory
environment in many areas. In agro-biotechnology,for in-
stance,the Food and Drug Administration (FDA),the U.S.
Department of Agriculture,and the Environmental Protection
Agency (EPA) have all set high regulatory standards con-
tributing to food product safety. These high standards have
given consumers a large amount of conﬁdence in technological
change. The United States has not yet had the kind of back-
lash to innovation in agro-biotechnology that has occurred in
Europe,so its innovation has not been stiﬂed as it has been
in Europe. The solid and credible regulatory structure has
helped fuel the innovation process in these areas. Regulation
can thereby promote technology,even though some free mar-
ket economies resist it.
Sixth,the United States has an extremely strong network
of venture capital ﬁnancing that is closely interwoven with
the key regional nodes of technological innovation. The infra-
structure and tax systems both support venture capital,based
on an understanding that normal banking will not create the
needed ﬁnancing for technology start-ups.
Seventh,the United States has a ﬂexible labor market,which
means that a lot of people lose their jobs so that a lot more can
get new ones. It is an economy utterly typiﬁed by creative de-
struction. Net job creation is ferociously successful,something
Europe hasn’t yet caught on to.
Eighth,the administrative environment is tremendously
conducive to new business start-ups. To start a business,one
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ment to register the new company. This fosters an incredibly
dynamic process of natural selection of small businesses. Mil-
lions of new ventures and ideas are tried each year. Only a
small fraction of these survive,but that small fraction may go
on to do wonderful things.
Ninth,and ﬁnally,the United States now has a stupendously
effective higher education system,with extremely high parti-
cipation rates. The country’s gross tertiary enrollment rate is
estimated to be 81 percent (World Bank 2001),which means
that overall postsecondary enrollment is equal to four-ﬁfths of
the university age population. This is an imprecise measure of
university enrollment,since it includes students of all ages at
major research universities,smaller liberal arts colleges,spe-
cialized vocational training centers,and community colleges,
but it does indicate the huge number of Americans attending
college in one form or another. And even with the imprecision
of the measure,it is vastly higher than the same ﬁgure in most
other parts of the world.
4.6 Some Lessons for Asia’s Transition from Technology
Borrower to Core Innovator
Altogether,these factors make the U.S. system extraordinarily
dynamic technologically. They also help to shed some light on
Asia’s current challenges in moving from technological bor-
rower to technological innovator. Of these challenges,the fol-
lowing stand out.
First,and most critically,higher education is probably going
to be the region’s most strategic investment for the next
generation. Tertiary enrollment rates in Asia are still rather
low,as shown in ﬁgure 4.2. In China the tertiary enrollment
Technological Advancement and Economic Growth in Asia 177rate (according to World Bank data) was just 6 percent in the
mid-1990s. In Indonesia it was roughly 11 percent,and in
Malaysia it was just under 12 percent. Hong Kong was con-
siderably higher at 26 percent,as was Singapore at 39 percent.
All of these rates have no doubt increased in the past few years,
but they still lag far behind the enrollment rates in higher edu-
cation seen in the technologically innovative economies.
A second challenge is to increase government spending on
science. This does not imply indiscriminate investment in,for
example,theoretical physics,but it does imply investment in
areas that are relevant for an economy and its society. Korea,
Figure 4.2
Tertiary enrollment rates in Asia compared to other selected econo-
mies
Source: World Bank 2001; World Bank and UNESCO Task Force on
Higher Education and Society 2000.
178 Jeffrey D. Sachs and John W. McArthurTaiwan,and Israel are examples of countries that,thirty years
ago,consciously decided invest substantial government rev-
enues in building world-class laboratories in order to support
research at universities and to facilitate R&D in the private
sector. After a generation of investment,they have seen enor-
mous returns. Today,they are continuing down this path of
science-based growth,with all three currently rank among the
top ﬁfteen in the world in terms of total R&D spending as a
percentage of gross national product,and all allocating
roughly two percent or more of their national incomes to re-
search (World Bank 2001). These spending ratios are some-
what ahead of Singapore,which spends in the neighborhood
of 1.1 percent of GNP on R&D,and China,which spends
roughly 0.7 percent of GNP. All of these ﬁgures are signi-
ﬁcantly better than those for Indonesia,Malaysia,and the
Philippines,which each spend less than one quarter of one
percent of GNP on R&D.
A third challenge,and related to the ﬁrst two,is to foster
university-business relations for new startups and technolog-
ical innovation in key areas. In survey results calculated for
the latest Global Competitiveness Report 2001–2002 (GCR)
(World Economic Forum 2002),Singapore,Taiwan,and Korea
are the only Asian countries to score among the top twenty
on a question that asks executives to rate the level of local
university-business collaboration. Japan scores 26th,China
28th,India 38th,Malaysia 42nd,Indonesia 45th,and the
Philippines 55th. This dimension represents a key development
area for most Asian economies.
Fourth,an effective intellectual property rights system is
needed. At the core of this issue rests the need for the rule of
law and an effective,independent judiciary to protect of intel-
lectual property rights. Many Asian countries do not have
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or from the parties in a dispute,let alone intellectual property
rights regimes. Again citing the latest GCR results,on a com-
posite measure of institutional strength in ‘‘contracts and law,’’
most Asian economies fare poorly. Singapore scores among the
world’s top ten countries,but Malaysia,for example,scores
42nd while China ranks 51st and Philippines ranks 56th,two
spots ahead of Indonesia. More speciﬁcally,on a survey ques-
tion that asks about the protection of intellectual property,
Singapore,Japan,Taiwan,and Hong Kong rate between 15th
and 25th,while Thailand and Malaysia rank in the mid-forties
and India,China,the Philippines,and Indonesia rank no better
than 58th. Legal institutions are by no means easy to de-
velop but they mark a crucial challenge in the long-term devel-
opment of most Asian economies and thus need to be on this
list.
Fifth,economies in the region need to improve the adminis-
trative conditions for business startups. As ﬁgure 4.3 shows,
some Asian economies are performing well in this respect,but
even Japan needs to do more in this area. Japan is remarkably
technologically innovative but it is not nearly as good at
bringing innovations to market. One of the reasons is the difﬁ-
culty of starting a business in Japan today. In a GCR survey
question that asks executives to rank the overall ease of start-
ing a business locally,Hong Kong ranks ﬁrst in the world,
Singapore ranks 6th,Thailand places 17th,China 23rd,Japan
32nd,and Korea 49th. Another reason,one that still poses
a key challenge in much of Asia,is that the venture capital
market is thin. In a GCR survey question on the availability of
venture ﬁnance for innovative but risky ideas,Taiwan,Singa-
pore and Hong Kong rank 13th,14th,and 16th,respectively,
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50th,and Thailand places 51st. Private ﬁnance mechanisms for
innovation need to be a key priority in these economies.
A sixth challenge lies in the structure of business enterprises
in Asia. Innovative ﬁrms require special conditions of internal
organization,including a high degree of delegation of authority
within enterprises,productivity-based compensation,and in-
ternal learning mechanisms within the ﬁrm. Figure 4.4 shows
the GCR results for a question regarding the typical amount of
Figure 4.3
Administrative Burden for start-ups: ‘‘Starting a new business in your
country is generally: (1 ¼ extremely difﬁcult and time consuming,
7 ¼ easy)’’
Source: World Economic Forum 2002.
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and Japan rate well at a global scale but much of Asia still lags
far behind. This and related evidence suggest that many of
the organizational forms and corporate practices in Asia are
not particularly advantageous for high rates of organizational
learning and innovation.
In practical terms,the exact transition pathway for an econ-
omy hoping to move from a successful diffusion system to a
successful innovation system is not fully known,but together
the six points mentioned help to highlight key areas on which
Figure 4.4
Firm investments in staff training: ‘‘In your country,companies’ gen-
eral approach to human resources is to invest (1 ¼ little in training
and development,7 ¼ heavily to attract,train,and retain staff)’’
Source: World Economic Forum 2002.
182 Jeffrey D. Sachs and John W. McArthurmany Asian economies must focus. Undoubtedly this list is not
exhaustive,and there is much room for economies to innovate
in creating systems of innovation. But,at a minimum,policy
priorities need to mix market and nonmarket forces to develop
sound innovation-oriented education,research,ﬁnance,regu-
latory,and business structures.
4.7 Conclusion
A central ﬁnding of economics over the past ﬁfty years has
been that technological advancement is critical to long-term
economic growth. More recent research distinguishes between
the crucial roles for technological diffusion in the catch-up
phase of economic development and innovation once econo-
mies reach a fairly high level of development. Asia’s great
challenge in this regard is to move from adoption to innova-
tion as the engine of technological advancement. Yet the social
systems that best foster technological innovation do not come
into existence without an explicit effort to create them.
Creating a successful innovation system is a challenge that
requires focus,attention,and institutional creativity. There
is no doubt that Asia has everything that it needs to become
a central site of science-based innovation in the twenty-ﬁrst-
century world economy. This chapter has highlighted some of
the issues it must face in achieving this aim. As the region pro-
gresses,we predict that one of twenty-ﬁrst-century’s biggest
transitions will occur when both China and India begin to
make dramatic contributions to global science and technology
and thereby dramatic contributions to the welfare of the world.
When this happens,the structure of the world economy will
change in new and promising ways.
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This chapter was originally presented as a speech by Professor Jeffrey
D. Sachs on May 25,2001,as part of the Technology and the Econ-
omy Lecture Series at Hong Kong University.
1. According to United States Patent and Trademark Ofﬁce’s 2001
data. The U.S. Patent and Trademark Ofﬁce record the country origin
of a patent according to the country of residence of the ﬁrst-named
inventor. Note that the data refer to ‘‘utility patents,’’ that is, patents
for new inventions.
2. Our colleague Michael E. Porter has provided ongoing leadership
in advancing the mapping and understanding of U.S. business clusters,
as discussed,for example,in his article ‘‘Clusters and the New Eco-
nomics of Competition.’’ See Porter 1998.
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